We report sample preparation, structure, electrical resistivity, magnetic susceptibility and heat capacity studies of a new compound Yb 2 Ir 3 Ge 5 . We find that this compound crystallizes in an orthorhombic structure with a space group PMMN unlike the compound Ce 2 Ir 3 Ge 5 which crystallizes in the tetragonal IBAM (U 2 Co 3 Si 5 type) structure. Our resistivity measurements indicate that the compound Yb 2 Ir 3 Ge 5 behaves like a typical Kondo lattice system with no ordering down to 0.4 K. However, a Curie-Weiss fit of the inverse magnetic susceptibility above 100 K gives an effective moment of only 3.66 µ B which is considerably less than the theoretical value of 4.54 µ B for magnetic Yb 3 + ions. The value of θ P = -15.19 K is also considerably higher indicating the presence of strong hybridization. An upturn in the low temperature heat capacity gives an indication that the system may order magnetically just below the lowest temperature of our heat capacity measurements (0.4 K). The structure contains two sites for Yb ions and the present investigation suggests that Yb may be trivalent in one site while it may be significantly lower (close to divalent) in the other.
I. INTRODUCTION
As a part of our continuing studies of the magnetic, electronic and transport properties of ternary rare-earth (R) intermetallic compounds of the type R 2 T 3 X 5 where T is a transition metal and X is an s-p element, we have recently focused our attention to the search for new Yb based compounds of the 235 type with interesting physical properties. In fact there are very few Yb based compounds of the type R 2 T 3 X 5 known due to the difficulty in preparation and characterization of these compounds. We had recently [1] synthesized high quality single phase samples of the compound Yb 2 Fe 3 Si 5 and established it to be a Kondo-lattice compound with heavy fermion behavior (among the highest γ values = .5 J/Yb mol K 2 ,
for Yb compounds) and antiferromagnetic ordering at low temperatures. Pressure studies are in progress to look for superconductivity in this compound given that both the Tm and Lu compounds of the same series show superconductivity at low temperatures [2] [3] [4] [5] . Hence it is of interest to search for new Yb compounds with a similar structure because one can expect to see similar interesting physical properties. There have been some investigations on the compound Ce 2 Ir 3 Ge 5 [6] [7] [8] which forms in U 2 Co 3 Si 5 structure, a structure closely related to the Yb 2 Fe 3 Si 5 structure. It has been shown to be a Kondo-lattice system with antiferromagnetic ordering and moderate heavy fermion behavior. The electron-hole analogy between Ce and Yb makes the compound Yb 2 Ir 3 Ge 5 an interesting candidate to investigate.
In this paper we report a comprehensive study of the structure, electrical resistivity, magnetic susceptibility and heat capacity of the new compound Yb 2 Ir 3 Ge 5 . The susceptibility measurements indicate a mixed valent nature for the Yb ions while the low temperature resistivity follows a typical Kondo lattice behavior and the heat capacity data shows an upturn below 5 K giving a hint that the compound may order magnetically below the lowest temperature of measurement of 0.4 K. Such unusual properties have been reported earlier [9, 10] only for certain Ce compounds of the form Ce 2 T 3 X 9 where T = Rh,Ir with X = Al,Ga. We then describe one by one the results and analysis of the magnetic susceptibility data, the resistivity data and the heat capacity data in subsequent sections. We then discuss the combined picture provided by all the measurements in the section on discussion. In the final section on conclusion we summarise all the results for the sample.
II. EXPERIMENTAL DETAILS
A polycrystalline sample of Yb 2 Ir 3 Ge 5 was prepared by arc melting. First the binary Ir 3 Ge 5 was prepared by arc melting the constituent elements taken in stoichiometric proportion on a water-cooled hearth in high purity argon atmosphere. The resultant button was flipped over and remelted 6 times to ensure homogenous mixing. The weight loss in this stage was negligible. The binary was crushed into a fine powder and small pieces of Yb (with 5% extra Yb) were mixed with it. The whole material was pelletized by a press into a closely packed tablet. This tablet was then arc melted and remelted only four times to make a compromise between Yb loss and homogenous mixing. We found that by pressing the Yb along with already prepared binary powder we could reduce the Yb evaporation considerably.
No attempts to anneal the sample were made. A small piece of the as cast sample was used for powder X-ray diffraction. The crystal structure of the given sample was refined using FULL PROF [11] and it is shown in Fig. 1 The temperature dependence of the dc magnetic susceptibility (χ) was measured using the commercial Squid magnetometer (MPMS5, Quantum Design, USA) in a field of 1 kOe in the temperature range from 1.8 to 300 K. The resistivity was measured using a fourprobe dc technique with contacts made using silver paint on a bar shaped sample of 1 mm thick, 10 mm length and 2 mm width cut from the arc melted ingot. The temperature was measured using a calibrated Si diode (Lake Shore Inc., USA) sensor. The heat-capacity in zero field between 0.4 to 35 K was measured using an automated adiabatic heat pulse method. A calibrated germanium resistance thermometer (Lake Shore Inc, USA) was used as the temperature sensor in this range.
III. RESULTS

A. Magnetic susceptibility studies
The temperature dependence of the inverse dc magnetic susceptibility (1/χ dc ) of polycrystalline Yb 2 Ir 3 Ge 5 in a field of 1 kOe from 1.8 to 300 K is shown in the Fig. 2 . with the inset showing the low temperature χ(T) data. The high temperature susceptibility (100 K<T<300 K) was fitted to a modified Curie-Weiss expression which is given by,
Here, χ 0 is the temperature independent susceptibility, including the core-electron diamagnetism and the Pauli paramagnetism and the Van-Vleck terms. C is the Curie constant and θ p is the Curie-Weiss temperature. The effective moment can be calculated from the value of the Curie constant from the relation,
where x is the concentration of Yb ions (x = 2 for Yb 2 Ir 3 Ge 5 ). The value which we get for χ 0 is (1.65×10 −3 emu/mol) which is quite small. one finds large and positive values of θ P whereas we find a small and negative value = -15.19 K for θ P which is typical of compounds which undergo antiferromagnetic ordering at low temperatures. It is possible that the susceptibility would follow a Curie-Weiss law with an effective moment closer to the theoretical Yb 3+ value only at much higher temperatures above 300 K and crystalline electric fields are strong enough even at temperatures of the order of 100-300 K. We have also analyzed the data after subtracting the susceptibility of the Pauli paramagnetic Lu 2 Ir 3 Ge 5 sample. The value of either µ EF F or θ P did not change significantly. It is also noteworthy that we do not observe any broad hump in the susceptibility typical of mixed valent systems. There is a strong deviation of the data from the Curie-Weiss law below 100 K. This could be due to the combined result of the Kondo effect and crystalline electric fields. Such a conjecture is substantiated from the resistivity and heat-capacity studies described below. We do not observe any indication of magnetic ordering down to 1.8 K from the magnetization measurements.
B. Resistivity studies
The resistivity (ρ) vs temperature data of Yb 2 Ir 3 Ge 5 from 0.4 K to 300 K is shown in Fig. 3 .
The room temperature resistivity value is about 200µΩ-cm which is quite common among ternary rare earth silicides and germanides. The compound shows metallic conductivity with some negative curvature of ρ(T) below about 150 K, which may result from crystal field interactions and/or s-d interband scattering of conduction electrons. At about 10 K the resistivity goes through a broad shallow minimum and then slightly increases towards lower temperatures (see the inset of Fig. 4 ). However, below 2 K, the resistivity starts to decrease again as in the case of typical Kondo lattice compounds on the onset of coherent scattering.
The latter hypothesis seems supported by the logarithmic character of the resistivity rise below 8 K (inset of Fig. 4 ). As is apparent from Fig. 4 , the temperature variation of the resistivity of Yb 2 Ir 3 Ge 5 in the temperature range 2 K to 300 K can be well described by the formula,
which comprises the residual scattering of conduction electrons on defects, impurities and spin-disorder (ρ 0 +ρ 
IV. DISCUSSION
Let us now try to explain why the combined data of all the measurements described above is unusual before we give arguments, which attempt to understand such a behavior.
The nature of the ground state (GS) in such systems where an array of 4f moments is embedded in a metallic environment results from a competition between two energy scales.
The onsite Kondo effect (favoring a non-magnetic GS) with a characteristic energy given by the Kondo temperature T K and the intersite RKKY (characterized by T RKKY )interaction favoring a magnetic GS. The GS physics depends on the final balance between these two mechanisms which is driven by the strength of the hybridization between the localized f electrons and the itinerant conduction electrons. In general T K values are smaller for heavy fermion compounds which display Kondo lattice behavior with a large γ and a fall in ρ due to coherent scattering. The effective moment of the 4f ions (estimated from the high temperature χ data) will be nearly equal to its theoretical value. However, one can see from our data that the Curie-Weiss fit to the high temperature inverse susceptibility gives an effective moment considerably reduced from the Yb 3+ value suggesting that Yb may be in a mixed valent state in this compound whereas the low temperature transport and heat capacity measurements show a Kondo lattice type of behavior with strong indications of a possible magnetic ordering just below 0.4 K. Although the calculated effective paramagnetic moment is quite low, the overall susceptibility behavior looks more like that of a system which is largely trivalent rather than one which is mixed- 
